Isolated fourth ventricles were diagnosed by computed tomography (CT) in 16 children in a 3 year period . They all had had shunting of the lateral ventricles for hydrocephalus, and all needed subsequent shunt revisions . Seven patients without signs of raised intracranial pressure clinically had new posterior fossa signs at different intervals after lateral ventricular shunting. The clinical findings in the other nine patients were much less specific and in some cases the isolated fourth ventricle was an incidental finding. CT is essential for the diagnosis. The isolated fourth ventricle needs to be differentiated from posterior fossa cysts and cystic tumors. Shunting of the fourth ventricle improved the clinical condition in six of 14 children.
Encystment of a ventricle or part of it by occlusion of its cerebrospinal fluid (CSF) outlets due to ependymal reaction after intraventricu lar hemorrhage or infection is a well known and fully described entity [1] . Encystment of the fourth ventricle is, however, a relatively recently recognized condition [2] [3] [4] [5] . Since th e as yet limited literature on the subject contains some confusi ng statements concern ing its c linical, radiologic, and therapeutic aspects, we have undertaken a study of 16 children investigated by CT at the Hospital for Sick Children in an attempt to clarify certain aspects of this condition.
Pathogenesis
When both the aq ueduct of Sylvius and the foramina of Luschka and Magendi e are occluded, the fourth ventricle becomes isolated from the remaining ventricular system and from the CSF circulation of the subarachnoid space . Continued CSF production by the trapped choroid plexus results in a progressive cystic dilatation of the fourth ventricle , which is sometimes associated with clinical signs of an expanding lesion in the posterior fossa .
This entity, which has been called in turn double compartment hydrocephalus [2] , isolated fourth ventricle [4, 5] , encysted fourth ventricle [2 , 7] , and trapped fourth ventricle [3] is apparently never a primary condition. It has been shown to occur after shunting of the lateral ventricles for communicating hydrocephalus [2] , aqueduct stenosis [5] , and obstruction of the outlets of the fourth ventricle [4] . Subsequent mechanical or infl ammatory changes in the aqueduct or at the fourth ventricular outlets are presumed to render the fourth ventricle completely isolated from the rest of the ventricular system and subarachnoid spaces.
It has long been recognized [6] that shunting of the lateral ventricles for communicating hydrocephalus can produce obstruction of the aqueduct of Sylvius due either to kinking or chronic inflammatory changes secondary to infection and ventriculitis . Raimondi et al. [7] confirmed this shunt compli cation and prese nted four cases among eight with Dandy-Walker syndrome in whom shunting of the lateral ventricles resulted in occlusion of a previously patent aqueduct, necessitating a separate shunt in the "e ncysted " Dandy-Walker cyst.
Three different sequences of events can thus be postulated to explain the isolation of the fourth ventricle in different types of hydrocephalus;
1. In pati ents with communicating hydrocephalus (e xtraventricu lar obstructive hydrocephalus), lateral ventricular shunting results first in mechanical aqueduct occlusion and subsequent infection or hemorrhage results in occlusion of the fourth ventricu lar outlets.
2. In patients with aqueduct stenosis, inflammation or hemorrhage around the outlets of the fourth ventricle after shuntin g is responsible for occlusion of the outlets with subsequent ventricular isol ation.
3. In patients with preexisting intraventricular obstructive hydrocephalus due to occ lusion of the outlets of the fourth ventricle , lateral ventricular shunting causes aqueduct occlusion by either mechanical or inflammatory means and thus isolates the fourth ventricle .
Review of the Literature
The first reported case [2] was a patient with cysticercosis meningitis and communicating hydrocephalus in whom signs of a posterior fossa mass developed a few months after shunting of the lateral ventricles . Air studies and posterior fossa exploration demonstrated an encysted fourth ventricle due to occlusion of its outlets as well as of the aqueduct.
Since the first description of the isolated fourth ventricle in 1975, three more papers have appeared on the subject describing 15 new patients with this cond ition . Hawkins et al. [4] , describing three children from this hospital, stressed the role of CT in making the diagnosis which in their opin ion would be diffic ult, if not impossibl e, to make by conventional neuroradiologic techniques . All their patients had cerebe ll ar dysfunction but not raised intracranial pressure ; they had all been previously shunted for hydrocephalus due to fourth ventricl e obstruction and had had multiple shunt revisions . CT had been performed to evaluate the functional status of the shunt. All improved c linically after shunting of the isolated fourth ventricle.
Zimmerman et al. [3] reported si x patients with a large fourth ventricle, four of whom were children . Their case material is, however, somewhat confusing. They described two representative cases in detail. The first was an adu lt with hydrocephalus due to occlusion of the outlets of the fourth ventricle . While the fourth ventricle was disproportionately large, it was not by definition " isolated " and thus it diminished along with the supratentorial ventricular system after shunting of the lateral ventricles. At least a further two of their patients had not been previously shunted and the aqueduct was not occ luded , which allowed for a diminution of th e fourth ventricl e after lateral ventricular shunting. Only two of their pediatric cases in fact seem to have had a truly isolated fourth ventricle ; all had had documented CSF infection. They also state th at the CT differential diagnosis from other posterior fossa cystic lesions, such as Dandy-Walker cyst, cystic midline astrocytoma, hemangioblastoma, and arachnoid cyst is easy. The treatment of choice is fourth ventricular shunting .
In a recent report, Foltz and DeFeo [5] described si x new patients and defined the characteristics of this syndrome as being (1) hydrocephalus due to aqueduct stenosis; (2) effective lateral ventricular CSF shunting of several years duration ; and (3) recent ataxia, incoordination, variable diplopia, and lethargy despite good shunt function . Five of their six patients improved rapidly after suboccipital craniectomy and connection of the hydrocephalic fourth ventricle to the functioning lateral ventricular CSF shunt.
Materials and Methods
At the Hospital for Sick Children , a computer coding system [8] is used to file all the CT examinations . It includes items regarding th e brain density, size of any part of the ventricu lar system, mass effect, etc ., as well as diagnosis accord in g to th e American College of Radiology . We searched for all patients who had been shunted for hydrocephalus and who had normal-sized lateral and third ventricles and a disproportionately large fourth ventricle. The clinical records , neuroradiologic investigations , and CT scans were analyzed in 16 c hildren each with the above conste ll ation of features. The initial disease and type of hydrocephalus, previous CSF shunts and shunt revisions , age at first shunt insertion , the time interval between first shunting and diagnosis of isolated fourth ventricle, the type of surgical treatment , and th e clinical outcome were all recorded (table 1).
CT Technique
All the patients were stud ied with an Ohio Nuc lear Delta 50 scanner using a 13 mm collimator; th e posterior fossa was routinely exam in ed by regular CT sections obtained at 20°-25° to the radiographic baseline . Metrizamide was injected into the lateral ventricles in two patients and was followed by CT examination of the posterior fossa; in no case was metrizamide demonstrated within the fourth ventric le, confirming its isolation from the rest of the ventricular system.
Results

Age at Presentation
Of the sixteen patients, 13 presented with hydrocephalus at birth or within the first few weeks of life; two of the other three presented with en larging heads at 9 months and 2 years , respectively; the third developed hydrocephalus secondary to a cerebellar tumor at the age of 7 years.
Cause of Hydrocephalus
In five patients, the hydrocephalus was due to aqueduct stenosis. Four of them had had a meningomyelocele repair; the fifth had had an intraventricular hemorrhage at birth.
In seven patients, extraventricular obstructive hydrocephalus was diagnosed at ventriculography or air encephalog- raphy. Four of them were born prematurely with subarachnoid or intraventricular hemorrhage ( fig . 1 ). Of the remaining three, one was a full-term baby with an intraventricular hemorrhage and one had suffered birth trauma and a probable subarachnoid hemorrhage; the cause of the hydrocephalus in the third was not recorded .
In four patients the hydrocephalus demonstrated by CT was thought to be intraventricular obstructive hydrocephalus; ventriculography was not performed. Of these one had a Chiari malformation with hydromyelia and hydrobulbia; a second was operated on for a posterior fossa ganglioglioma; a third developed hydrocephalus secondary to an intracerebral abscess possibly with an associated ventriculitis, and the last was explored for a possible posterior fossa tumor that turned out to be " cerebellar hypertrophy ." The hydrocephalus could have been due to adhesions secondary to surgery.
Initial Lateral Ventricular Shunt
Twelve patients were shunted as neonates, three were shunted within the first 2 years of life, and the remaining patient was shunted at age 7 years . All patients had multiple shunt revisions and there was a high incidence of shunt infection . The time interval between the first shunting procedure and the diagnosis of the isolated fourth ventricle ranged from 11 months to 12 years 9 months (mean interval, 5 years 3 months).
Diagnosis
The diagnosis of the isolated fourth ventri cle was made on the basis of CT findings in all patients. A large rounded or pear-shaped midline cystic structure was present in the posterior fossa. The lateral and third ventricles were small or only moderately enlarged . A typical case is shown in figure 2 . Figure 3 demonstrates the complete lack of communication between the third and the fourth ventricles after a positive contrast ventriculogram .
In only seven of our 16 patients immediate pre-CT posterior fossa signs characterized by ataxia, diplopia, and increasing lethargy were evident and, in one of them, only in retrospect. In six of the remaining patients, severe neurologic. deficits such as mental retardation, chronic incoordination, hemi-, para-, or quadriparesis may have prevented the detection of additional posterior fossa signs. Five of these patients, however, presented with worsening of their preexisting neurologic deficits. In three patients, one of whom was completely asymptomatic, the isolated fourth ventricle was an incidental finding ( fig. 4) .
Fourth Ventricular Shunt
The asymptomatic patient and a second patient, who died, did not receive a fourth ventricular shunt. In 14 patients shunts were directly inserted into the fourth ventricles . In six, this produced a good result with the posterior fossa signs clearing either completely or in part. In three other patients there was only slight improvement, in that previous symptoms , such as spasticity, slightly decreased . In three patents shunting was ineffective. One of these last three patients showed dramatic improvement in his ataxia only when his posterior fossa was surgically decompressed some 6 months after placement of the fourth ventricular shunt. One patient actually deteriorated after insertion of a fourth ventricular shunt. However, this was remedied by revision of his blocked lateral ventricular shunt, which was obviously the cause of his symptoms. He had presented with elevated intracranial pressure and an incidental isolated fourth ventricle . One patient was shunted immediately prior to preparation of our data and it is too soon to assess his postoperative response.
The fourth ventricular shunts , initially satisfactory, had to be revised in two patients. In four others the first attempted shunting resulted in malposition of the shunt.
Discussion
Careful analysis of the clinical records and neuroradiologic examinations of these 16 patients establishes the following points: 1. The isolated fourth ventricle is a specific anatomopathologica l entity c haracterized by remarkabl e dilatation of the fourth ventric le. Thi s en larg ement is produced by the CSF that, secreted by the choroid plexus, cann ot flow free ly through the occluded foramin a of the fourth ventri cle nor through the aqueduct.
2. The clinical presentation may be in the form of the fullblown posterior fossa syndrome characterized by a recent appearance of ataxia, diplopia, and increasing drowsiness. However, this clinical picture is rarely clear cut; signs of posterior fossa involvement may be present for years without being progressive. The isolated fourth ventricle may even be asymptomatic, discovered at CT as an incidental finding. In some cases preexisting neurologic signs such as 3pasticity, hemi-, or quadriparesis may be accentuated without the appearance of posterior fossa signs.
3 . The patients usually have no signs of raised intracranial pressure. In our experience the isolated fourth ventricle occurs only in patients previously shunted for hydrocephalus of different kinds , either extraventricular obstructive hydrocephalus or intraventricular obstructive hydrocephalus. All of our patients had had multiple shunt revisions.
4 . Shunting of the fourth ventricle is effective in rapidly reversing the posterior fossa signs when they are present and progressive. In other cases there may be some relief of preexisting neurologic signs or no change at all, despite a demonstrable diminution of the shunted fourth ventricle. The fourth ventricular shunt is subject to the same problems as any shunt elsewhere in the ventricular system. It may malfunction , causing reenlargement of the fourth ventricle . The lateral ventricular shunt may malfunction while the shunt in the fourth ventricle is working well. This situation will result, as happened in one of our patients ( fig. 5 ) in dilatation of the supratentorial ventricular system, while the previously dilated fourth ventricle, now shunted , remains of normal size .
5 . The CT diagnosis of isolated fourth ventricle is accurate and can be made without recourse to metrizamide ventriculography. When the diagnosis is made, the lateral ventricles are usually of normal size or only moderately dilated . Differential diagnostic problems are uncommon, but can arise in patients examined after surgery for posterior fossa lesions. In these cases , a recurrent cyst may be difficult to distinguish from an isolated fourth ventric le.
Other cystic lesions such as cystic astrocytoma, arachnoid or parasitic cysts usually present no difficulty. They do not have the typical history of complicated shunted hydrocephalus and their clinical presentation is quite unlike that of an isolated fourth ventricle. 6. Since this is, in some cases at least, a potentially curable entity, we believe that CT should be performed on all patients with shunted hydrocephalus who develop new posterior fossa signs or worsening of preexisting neurologic deficits.
7. The term isolated fourth ventricle should be reserved for the type of patients we have described. When the fourth ventricle is larger than usual in association with hydrocephalus but returns to normal after shunting of the lateral ventricles [3] , the term disproportionately large, communicating fourth ventricle should be used.
